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PARTIALLY SATURATED CALCIUM CHANNEL 
BLOCKERS 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/401,699, ?led Sep. 23, 1999 Which is a continu 
ation-in-part of US. Ser. No. 09/107,037 ?led Jun. 30, 1998 
and noW allowed. The contents of both applications are 
incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The invention relates to compounds useful in treat 
ing conditions associated With calcium channel function. 
More speci?cally, the invention concerns compounds con 
taining benZhydril and 6-membered heterocyclic moieties 
that are useful in treatment of conditions such as stroke and 
pain. 

BACKGROUND ART 

[0003] Native calcium channels have been classi?ed by 
their electrophysiological and pharmacological properties as 
T, L, N, P and Q types (for revieWs see McCleskey, E. W. et 
al. Curr Topics Membr (1991) 39:295-326, and Dunlap, K. 
et al. Trends Neurosci (1995) 18:89-98). T-type (or loW 
voltage-activated) channels describe a broad class of mol 
ecules that transiently activate at negative potentials and are 
highly sensitive to changes in resting potential. The L, N, P 
and Q-type channels activate at more positive potentials 
(high voltage activated) and display diverse kinetics and 
voltage-dependent properties. There is some overlap in 
biophysical properties of the high voltage-activated chan 
nels, consequently pharmacological pro?les are useful to 
further distinguish them. L-type channels are sensitive to 
dihydropyridine agonists and antagonists, N-type channels 
are blocked by the Conus geographus peptide toxin, 
uu-conotoxin GVIA, and P-type channels are blocked by the 
peptide uu-agatoxin IVA from the venom of the funnel Web 
spider, Agelenopsis aperta. A fourth type of high voltage 
activated calcium channel (Q-type) has been described, 
although Whether the Q- and P-type channels are distinct 
molecular entities is controversial (Sather, W. A. et al. 
Neuron (1995) 11:291-303; Stea,A. et al. Proc NatlAcaa' Sci 
USA (1994) 91:10576-10580; Bourinet, E. et al. Nature 
Neuroscience (1999) 2:407-415). Several types of calcium 
conductances do not fall neatly into any of the above 
categories and there is variability of properties even Within 
a category suggesting that additional calcium channels sub 
types remain to be classi?ed. 

[0004] Biochemical analyses shoW that neuronal high 
voltage activated calcium channels are heterooligomeric 
complexes consisting of three distinct subunits (otl, (x26 and 
[3) (revieWed by De Waard, M. et al. Ion Channels (1997) 
vol. 4, Narahashi, T. ed. Plenum Press, The (x1 subunit 
is the major pore-forming subunit and contains the voltage 
sensor and binding sites for calcium channel antagonists. 
The mainly extracellular (x2 is disul?de-linked to the trans 
membrane 6 subunit and both are derived from the same 
gene and are proteolytically cleaved in vivo. The [3 subunit 
is a nonglycosylated, hydrophilic protein With a high affinity 
of binding to a cytoplasmic region of the (x1 subunit. Afourth 
subunit, y, is unique to L-type calcium channels expressed in 
skeletal muscle T-tubules. The isolation and characterization 
of y-subunit-encoding cDNAs is described in US. Pat. No. 
5,386,025 Which is incorporated herein by reference. 
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[0005] Recently, each of these (x1 subtypes has been 
cloned and expressed, thus permitting more extensive phar 
macological studies. These channels have been designated 
(X1A-(X1I and (x15 and correlated With the subtypes set forth 
above. al A channels are of the P/Q type; (XlB represents N; 
otlc, 011D, alF and 011s represent L; alE represents a novel 
type of calcium conductance, and otlG-ot1I represent mem 
bers of the T-type family, revieWed in Stea, A. et al. in 
Handbook of Receptors and Channels (1994), North, R. A. 
ed. CRC Press; PereZ-Reyes, et al. Nature (1998) 3911896 
900; Cribbs, L. L. et al. Circulation Research (1998) 83: 103 
109; Lee, J. H. et al. Journal of Neuroscience (1999) 
19:1912-1921. 

[0006] Further details concerning the function of N-type 
channels, Which are synaptic channels, have been disclosed, 
for example, in US. Pat. No. 5,623,051, the disclosure of 
Which is incorporated herein by reference. As described, 
N-type channels possess a site for binding syntaxin, a 
protein anchored in the presynaptic membrane. Blocking 
this interaction also blocks the presynaptic response to 
calcium in?ux. Thus, compounds that block the interaction 
betWeen syntaxin and this binding site Would be useful in 
neural protection and analgesia. Such compounds have the 
added advantage of enhanced speci?city for presynaptic 
calcium channel effects. 

[0007] US. Pat. No. 5,646,149 describes calcium channel 
antagonists of the formula A-Y-B Wherein B contains a 
piperaZine or piperidine ring directly linked to Y. An essen 
tial component of these molecules is represented by A, 
Which must be an antioxidant; the piperaZine or piperidine 
itself is said to be important. The exempli?ed compounds 
contain a benZhydril substituent, based on knoWn calcium 
channel blockers (see beloW). US. Pat. No. 5,703,071 
discloses compounds said to be useful in treating ischemic 
diseases. A mandatory portion of the molecule is a tropolone 
residue; among the substituents permitted are piperaZine 
derivatives, including their benZhydril derivatives. US. Pat. 
No. 5,428,038 discloses compounds Which are said to exert 
a neural protective and antiallergic effect. These compounds 
are coumarin derivatives Which may include derivatives of 
piperaZine and other six-membered heterocycles. Apermit 
ted substituent on the heterocycle is diphenylhydroxym 
ethyl. Thus, approaches in the art for various indications 
Which may involve calcium channel blocking activity have 
employed compounds Which incidentally contain piperidine 
or piperaZine moieties substituted With benZhydril but man 
date additional substituents to maintain functionality. 

[0008] Certain compounds containing both benZhydril 
moieties and piperidine or piperaZine are knoWn to be 
calcium channel antagonists and neuroleptic drugs. For 
example, Gould, R. J. et al. Proc NatlAcad Sci USA (1983) 
80:5122-5125 describes antischiZophrenic neuroleptic drugs 
such as lido?aZine, ?uspirilene, pimoZide, clopimoZide, and 
pen?uridol. It has also been shoWn that ?uspirilene binds to 
sites on L-type calcium channels (King, V. K. et al. J Biol 
Chem (1989) 264:5633-5641) as Well as blocking N-type 
calcium current (Grantham, C. J. et al. Brit J Pharmacol 
(1944) 111:483-488). In addition, LomeriZine, developed by 
Kanebo KK, is a knoWn non-speci?c calcium channel 
blocker. A revieW of publications concerning LomeriZine is 
found in Dooley, D., Current Opinion in CPNS Investiga 
tional Drugs (1999) 1:116-125. 
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[0009] US. application Ser. No. 09/401,699 ?led Sep. 23, 
1999 and incorporated herein by reference discloses ben 
Zhydril-substituted piperidines and piperaZines Which block 
calcium channels, especially N-type channels. 

[0010] The present invention is based on the recognition 
that compounds comprising a siX-membered heterocyclic 
ring containing at least one nitrogen coupled to tWo hydro 
phobic clusters (each cluster coupled optionally through a 
linker) provide calcium channel blocking activity. Thus 
these compounds are particularly useful for treating stroke 
and pain. By focusing on these moieties, compounds useful 
in treating indications associated With excessive calcium 
channel activity and combinatorial libraries that contain 
these compounds can be prepared. 

DISCLOSURE OF THE INVENTION 

[0011] The invention relates to compounds useful in treat 
ing conditions such as stroke, migraine, chronic neuropathic 
and acute pain, epilepsy, hypertension, cardiac arrhythmias, 
and other indications associated With calcium metabolism, 
including synaptic calcium channel-mediated functions. The 
compounds of the invention are derivatives of piperidine or 
piperaZine linked to hydrophobic substituents Which 
enhance the calcium channel blocking activity. Thus, in one 
aspect, the invention is directed to therapeutic methods that 
employ compounds of the formulas 

(1a) 

Ya (X1)n1—Z\— JZ—(X2)n2—Ar i811 
or 

(1b) 

Yb—(X1)n1—Z\— JZ—(X2)n2—Cy 
i811 

[0012] Wherein each Z is independently N or CH, but 
one Z must be N; 

[0013] Wherein n1 is 1 and n is 0 or 1; 

[0014] X1 and X2 are linkers; 

[0015] Ar represents one or tWo substituted or unsub 
stituted aromatic or heteroaromatic rings, and 

[0016] Cy represents one or tWo substituted or unsub 
stituted aliphatic cyclic or heterocyclic rings, or 
consists of one substituted or unsubstituted aliphatic 
cyclic or heterocyclic ring and one substituted or 
unsubstituted aromatic or heteroaromatic ring; 

[0017] each of Y2] and Yb is tWo substituted or unsub 
stituted aromatic or heteroaromatic rings, or can be 
tWo substituted or unsubstituted aliphatic cyclic or 
heterocyclic rings or consists of one substituted or 
unsubstituted aliphatic cyclic or heterocyclic ring 
and one substituted or unsubstituted aromatic or 
heteroaromatic ring; 
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[0018] With the proviso that said rings cannot both be 
phenyl When both Ar includes a single phenyl ring 
and X1 contains less than 5C; 

[0019] and With the proviso that formula (1b) must 
contain at least one aromatic or heteroaromatic ring; 

[0020] 11 is 0 or 1; 

[0021] R1 is substituted or unsubstituted alkyl (1-6C), 
substituted or unsubstituted aryl (6-10C) or substi 
tuted or unsubstituted arylalkyl (7-16C) optionally 
containing 1-4 heteroatoms selected from the group 
consisting of halo, N, P, O, and S or may indepen 
dently be halo, OR, SR, NR2, OOCR, NROCR, 
COR, COOR, CONR2, CF3, CN or NO2, Wherein R 
is H or alkyl (1-6C). Substituents included in Y8, Yb, 
Ar and Cy are also selected from the foregoing. 

[0022] The invention is directed to methods to antagoniZe 
calcium channel activity using the compounds of formulas 
(1a) or (1b) and thus to treat associated conditions. It Will be 
noted that the conditions may be associated With abnormal 
calcium channel activity, or the subject may have normal 
calcium channel function Which nevertheless results in an 
undesirable physical or metabolic state that can be bene?ted 
by loWering calcium transport. In another aspect, the inven 
tion is directed to pharmaceutical compositions containing 
these compounds. 

[0023] The invention is also directed to combinatorial 
libraries containing the compounds of formulas (1a) or (1b) 
and to methods to screen these libraries for members con 
taining particularly potent calcium channel blocking activity 
including blocking activity for channels of a particular type. 

MODES OF CARRYING OUT THE INVENTION 

[0024] The compounds of formulas (1a) or (1b), useful in 
the methods of the invention, eXert their desirable effects 
through their ability to antagoniZe the activity of calcium 
channels, including those Which are synaptic in their activ 
ity. While the compounds of formulas (1a) or (1b) generally 
have this activity, the availability of a multiplicity of calcium 
channel blockers permits a nuanced selection of compounds 
for particular disorders. Thus, the availability of this class of 
compounds provides not only a genus of general utility in 
indications that are affected by excessive calcium channel 
activity, but also provides a large number of compounds 
Which can be mined and manipulated for speci?c interaction 
With particular forms of calcium channels. The availability 
of recombinantly produced calcium channels of the (x1 A-(Xn 
and (x15 types set forth above, facilitates this selection 
process. Dubel, S. J. et al. Proc Natl Acad Sci USA (1992) 
89:5058-5062; Fujita, Y. et al. Neuron (1993) 10:585-598; 
Mikami, A. et al. Nature (1989) 340:230-233; Mori, Y. et al. 
Nature (1991) 350:398-402; Snutch, T. P. et al. Neuron 
(1991) 7:45-57; Soong, T. W. et al. Science (1993) 260:1133 
1136; Tomlinson, W. J. et al Neuropharmacology (1993) 
32:1117-1126; Williams, M. E. et al. Neuron (1992) 8:71-84; 
Williams, M. E. et al. Science (1992) 257:389-395; PereZ 
Reyes, et al. Nature (1998) 391:896-900; Cribbs, L. L. et al. 
Circulation Research (1998) 83:103-109; Lee, J. H. et al. 
Journal ofNeuroscience (1999) 19:1912-1921. 

[0025] Thus, While it is knoWn that calcium channel 
activity is involved in a multiplicity of disorders, the types 
of channels associated With particular conditions is the 
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subject of ongoing data collection. The association of N-type 
channels in conditions associated With neural transmission 
Would indicate that compounds of the invention Which target 
N-type receptors are most useful in these conditions. Most 
of the members of the genus of compounds of formulas (1a) 
or (1b) target N-type channels; other members of the genus 
may target other channels; many members of the genus 
target channels of several types. 

[0026] There are tWo distinguishable types of calcium 
channel inhibition. The ?rst, designated “open channel 
blockage,” is conveniently demonstrated When displayed 
calcium channels are maintained at an arti?cially negative 

resting potential of about —100 mV (as distinguished from 
the typical endogenous resting maintained potential of 
about —70 mV). When the displayed channels are abruptly 
depolariZed under these conditions, calcium ions are caused 
to How through the channel and exhibit a peak current ?oW 
Which then decays. Open channel blocking inhibitors dimin 
ish the current exhibited at the peak How and can also 
accelerate the rate of current decay. 

[0027] This type of inhibition is distinguished from a 
second type of block, referred to herein as “inactivation 
inhibition.” When maintained at less negative resting poten 
tials, such as the physiologically important potential of —70 
mV, a certain percentage of the channels may undergo 
conformational change, rendering them incapable of being 
activated—i.e., opened—by the abrupt depolariZation. Thus, 
the peak current due to calcium ion How Will be diminished 

not because the open channel is blocked, but because some 

of the channels are unavailable for opening (inactivated). 
“Inactivation” type inhibitors increase the percentage of 
channels that are in an inactivated state. 

[0028] Among the conditions associated in Which block 
ing calcium transport Would be of therapeutic value are 
stroke, head trauma, epilepsy, and chronic, neuropathic and 
acute pain. Calcium transport, especially that associated 
With N-type channels, is also implicated in other neurologi 
cal disorders such as migraine, epilepsy, mood disorders, 
schiZophrenia, and certain degenerative disorders. Other 
conditions that bene?t from reduced calcium ?ux include 
depression, anxiety, and other psychoses. Cardiovascular 
conditions bene?ted include hypertension and cardiac 
arrhythmias. 

[0029] The availability of the libraries containing the 
compounds of formulas (1a) or (1b) also provides a source 
of compounds Which may be screened for activity With 
regard to the various ion channels. The various types of ion 
channels are associated With conditions that are susceptible 

to treatment. Blockers of sodium channels, for example, are 

useful as local anesthetics, and in treating cardiac arrhyth 
mias, as anticonvulsants, and in treating hyperkalemic peri 
odic paralysis. Potassium channel blockers are useful in 
treating hypertension and cardiac arrhythmias; various other 
receptors are associated With psychoses, schiZophrenia, 
depression, and apnea. Thus, the library of compounds of the 
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invention is useful in standard screening techniques as a 

source of effective pharmaceutical compounds. 

[0030] Synthesis 

[0031] The compounds of the invention may be synthe 
siZed using conventional methods. Illustrative of such meth 
ods are the folloWing schemes. 

[0032] The piperaZine derivatives of the invention are 
prepared conveniently by synthetic routes Wherein one of 
the linkers, X1 or X2, is supplied as a carboxylic acid or 
carboxylic acid derivative and is coupled to piperaZine 
already bound to the remaining substituent. Thus, in general, 
these compounds are prepared by Reaction Scheme 1 illus 
trated beloW for the embodiment Wherein Ar is benZhydril 

and YA(X1)n1 is depicted as R. 

Scheme 1 

R 
N 

K j EDC —> 

N 
H 

+ 

0 

Ph 
OH 

Ph 

0 

Ph 

N/W 
Ph K/ N\ 

[0033] The intermediate amide product can be reduced as 

shoWn, if desired, using a suitable reducing agent. Prefer 
ably, the reducing agent is BH3 if R represents phenyl or 
benZyl, or is LAH if R contains a J'lZ-bOIld other than in an 

aromatic system, such as the instance Wherein R is 

—CH2CH=CH¢. Alternatively, the piperaZine ring nitro 
gen shoWn coupled to R is protected With t-butyl carbonate 
(BOC) Which can then be removed and replaced With a 
different substituent as shoWn in Reaction Scheme 2 and 

then reduced, for example, With BH3. 
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Reaction Scheme 2 

\ 
BOC C1 

1. 25% TFA 
3. BH3 

o 
2. 

Ph 
c1 

3. BH3 

[0034] In the foregoing reaction schemes, EDC represents 
ethyldicycloheXylcarbodiimide, LAH represents lithium 
aluminum hydride, TFA is tri?uoroacetic acid. 

[0035] Some of the desired carboxylates are commercially 
available including instances Which include cyclic aliphat 
ics. Where they are not, they can be prepared by a Wittig 
reaction and reduced as desired, as shoWn in Reaction 
Scheme 3, Which illustrates preparation of the benZhydril 
embodiment using benZophenone. However, phenylcyclo 
heXylketone or dicyclohexylketone can be substituted for 
benZophenone to obtain the corresponding embodiments 
Wherein the substituent coupled to linker is symbolized by 
Cy in formula (1b). 

Reaction Scheme 3 

O 

BTMOH 1. PPh3 
—> 

2. 2 equiv. LiHMDS 
3. PhCOPh 

Ph 
/ OH 

Ph 

Ph w, 

Ph 

Ph 

Ph 

0 

Ph 1. 25% TFA Ph 

N —>2_ 0 N 

K/N Ph K/N 

[0036] In this reaction scheme, LiHMDS represents 
lithium heXamethyl disilaZide. The reaction proceeds 
smoothly With benZophenone and phenylcyclohexylketone; 
use of dicyclohexylketone results in an aberrant molecular 
Weight as measured by mass spectrometry, but nevertheless 
provides product. 
[0037] The reagents in the above-referenced scheme may 
or may not contain substitutions on the aromatic or cyclic 
aliphatic moieties. For example, compounds in the bis-4 
?uorophenyl butylidine series are commercially available 
and Reaction Scheme 4 illustrates the preparation of these 
compounds. 

Reaction Scheme 4 

1 
K 
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[0038] The compounds of the invention that are piperidine 
derivatives are prepared in an analogous manner, as shoWn 
in Reaction Scheme 5 using the illustration Where Ar rep 
resents benZhydril. 

Reaction Scheme 5 

o 
0 

Ph 
+ H0 —> 

N Ph 
H 

605 
N 

Ph 
0 

Ph 

RL 
NH 

1. HZNAR 
—> 

2. LAH 

Ph 

0 
i 

O 

6N5 
MP11 0 

Ph 

[0039] As shoWn, the 4-piperidone is reacted With the 
corresponding carboXylic acid derivative of benZhydril and 
then subjected to reductive amination. R, then, represents Y2] 
and may include a portion of the linker, X1, Which linker 
includes CH2NH. 

[0040] In general, the synthesis of the compounds of the 
invention is conventional and employs techniques generally 
knoWn in the art. 

[0041] The compounds of formulas (1a) or (1b) are 
de?ned as shoWn in terms of the embodiments of their 
various substituents: 

[0042] each Z is independently N or CH, but one Z 
must be N. 

[0043] R1 is alkyl (1-6C) aryl (6-10C) or arylalkyl (7-16C) 
optionally containing 1-4 heteroatoms selected from the 
group consisting of N, P, O, S, and halo. R1 may also be the 
“substituents” halo, OR, SR, NR2, OOCR, NROCR, COR, 
COOR, CONR2, CF3, CN or NO2, Wherein R is H or alkyl 
(1-6C). These “substituents” may also be present on the 
alkyl, aryl or arylalkyl moieties contained in Formulas 1a 
and 1b; aryl groups may also contain alkyl substituents. 
Preferred embodiments of R1 include phenyl, phenylalkyl, F, 
Cl, Br, I, CF3, OR, NR2 and alkyl. Particularly preferred are 
F, OMe, NH2, NMe2, NHOAc, CONH2, Br, COOEt, and 
COOMe, as Well as methyl. Preferably, hoWever, 11 is 0. 
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[0044]2 As n2 may be 0 or 1, X2 may be present or not. X1 
and X are suitable linkers containing 1-10C Which may be 
saturated or unsaturated and may contain a ring. The linker 
may also contain one or tWo heteroatoms selected from N, 
O and S and may be substituted With the “substituents” listed 
above. Preferred embodiments of X2 include —(CH2)a— 
Wherein a is 1-10, preferably 1-6, —(CH2)bCO—, Where b 
is 1-9, and —(CH2)cCH=CH, Where c is 0-4. Also preferred 
for X2 is —NH(CH2)d— Where d is 1-6, When the coupled 
Z is CH. 

[0045] Thus, formulas (1a) and (1b) are similar, eXcept 
that compounds of formula (1a) contain more mandated 
aromatic substituents linked to the heterocyclic 6-membered 
ring and those of (1b) contain more aliphatic cyclic or 
heterocyclic moieties. In each case, When X2 is present, X2 
represents a linker Which spaces the Ar or Cy moiety from 
Z preferably at a distance of 3-20 A, and may contain at least 
one heteroatom Which is nitrogen or oXygen. Included in 
such linkers are amines and carbonyl functionalities, includ 
ing amides. The linker may also be unsaturated or may be an 
alkylene group. Typically, X2 is (CH2)1_8 
or —NH(CH2)1-6— or (CH2)0-5> 
or —CH=CH—(CH2)O_3— or —CO(CH2)1_8—. Similarly, 
X1 spaces the Ya or Yb from the nitrogen of the heterocyclic 
ring at a distance of 3-20 A. 

[0046] In both cases, When linked to tWo aromatic or 
heterocyclic or other cyclic moieties, as is alWays the case 
for Y2] and Yb, X1 or X2 must accommodate this and a typical 
embodiment is —(CH2)O_6—CH—CH(CH2)O_6CO, or 
—CH(CH2)O_7. X1 or X2 may also contain a g-bond, e.g., 
—(CH2)O_5CH=C, thus providing su?icient valence to 
couple tWo ring systems or C=CH(CH2)0_5—. 

[0047] In preferred forms of formulas (1a) and (1b), X2 is 
(CH2)1—8> (CH2)1—5CO(CH2)O—3> (CH2)1—5NH(CH2)O—3> 
(CH2)0-5CONH(CH2)0-3> —(CH2)0-5CH:CH(CH2 0-3— 
and (CH2)1_5NHCO(CH2)O_3, With accommodation as 
required for tWo rings. Preferred for X1 are CH(CH2)1_1O and 
CH(CH2)1_9CO. 
[0048] It is believed that halogenation of the compounds 
of the invention is helpful in modulating the in vivo half-life, 
and it may be advantageous to include halogen-substituted 
rings in the compounds. Indeed, various substituents may 
thus be included. These substituents include alkyl (1-6C), 
aryl (6-10C) or arylalkyl (7-16C) optionally containing 1-4 
heteroatoms selected from the group consisting of halo, N, 
P, O, and S or may be the “substituents” halo, OR, SR, NR2, 
OOCR, NROCR, COR, COOR, CONR2, CF3, CN or NO2, 
Wherein R is H or alkyl (1-6C). These substituents may also 
be present on the alkyl, aryl or arylalkyl or other cyclic 
moieties; aryl or other cyclic moieties groups may also 
contain alkyl substituents. 

[0049] Typical heteroaromatic moieties include pyridyl, 
pyrimidyl, quinolyl and the like. Typical aliphatic hetero 
cycles include, for example, piperidinyl, piperaZinyl, tet 
rahydrofuranyl, pyranyl, and the like. Preferred embodi 
ments of Y2] and Yb include tWo cycloheXyl residues or a 
cycloheXyl and a phenyl residue. 

[0050] Thus, all of the foregoing aromatic, heteroaro 
matic, cyclic aliphatic, and heterocyclic aliphatic moieties 
may be substituted or unsubstituted. Typical “substituents” 
include halo, OR, SR, NR2, OOCR, NROCR, COR, COOR, 
CONR2, CF3, CN or NO2, Wherein R is H or alkyl (1-6C). 
They may also be substituted by alkyl (1-6C), aryl (6-10C) 
or arylalkyl (7-16C) optionally containing 1-4 heteroatoms 
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selected from the group consisting of halo, N, P, O, and S 
Which may themselves contain “substituents.” Aryl residues 
or other cyclic residues may also be substituted by alkyl. 

[0051] Preferred substituents include halo, CF3, OR, NR2, 
COONR2, COOR, and the like. 

[0052] In the compounds of formula (1a), preferred 
embodiments of Ar include tWo phenyl moieties or a single 
phenyl moiety. In compounds of formula (1b), preferred 
embodiments of Cy include a single cyclohexyl, a cyclo 
hexyl and phenyl moiety, or tWo cyclohexyl moieties. 

[0053] In one set of preferred embodiments of Formula 1a 
Ya is tWo substituted or unsubstituted phenyl, X1 is 
CH(CH )5 or CH(CH2)4CO, Z is N, and X2 is CH2 and n2 is 
0 or 1. In this embodiment, Ar is preferably an optionally 
substituted ring Which is phenyl, pyrimidyl, especially 2-py 
rimidyl or pyridyl, especially 2-pyridyl. 

[0054] The invention compounds may also be supplied as 
pharmaceutically acceptable salts. Pharmaceutically accept 
able salts include the acid addition salts Which can be formed 
from inorganic acids such as hydrochloric, sulfuric, and 
phosphoric acid or from organic acids such as acetic, pro 
pionic, glutamic, glutaric, as Well as acid ion-exchange 
resins. If the compounds contain carboxyl groups, the salts 
of the carboxyl groups may also be included. typical phar 
maceutically acceptable salts are sodium, potassium, or 
calcium salts if appropriate, or salts With inorganic bases 
such as caffeine. 

[0055] Utility and Administration 

[0056] For use as treatment of human and animal subjects, 
the compounds of the invention can be formulated as 
pharmaceutical or veterinary compositions. Depending on 
the subject to be treated, the mode of administration, and the 
type of treatment desired—e.g., prevention, prophylaxis, 
therapy; the compounds are formulated in Ways consonant 
With these parameters. A summary of such techniques is 
found in Remington’s Pharmaceutical Sciences, latest edi 
tion, Mack Publishing Co., Easton, Pa., incorporated herein 
by reference. 

[0057] In general, for use in treatment, the compounds of 
formulas (1a) and (1b) may be used alone, as mixtures of 
tWo or more compounds of formulas (1a) and (lb) or in 
combination With other pharmaceuticals. Depending on the 
mode of administration, the compounds Will be formulated 
into suitable compositions to permit facile delivery. 

[0058] Formulations may be prepared in a manner suitable 
for systemic administration or topical or local administra 
tion. Systemic formulations include those designed for 
injection (e.g., intramuscular, intravenous or subcutaneous 
injection) or may be prepared for transdermal, transmucosal, 
or oral administration. The formulation Will generally 
include a diluent as Well as, in some cases, adjuvants, 
buffers, preservatives and the like. The compounds can be 
administered also in liposomal compositions or as micro 
emulsions. 

[0059] For injection, formulations can be prepared in 
conventional forms as liquid solutions or suspensions or as 
solid forms suitable for solution or suspension in liquid prior 
to injection or as emulsions. Suitable excipients include, for 
example, Water, saline, dextrose, glycerol and the like. Such 
compositions may also contain amounts of nontoxic auxil 
iary substances such as Wetting or emulsifying agents, pH 
buffering agents and the like, such as, for example, sodium 
acetate, sorbitan monolaurate, and so forth. 
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[0060] Various sustained release systems for drugs have 
also been devised. See, for example, US. Pat. No. 5,624, 
677. 

[0061] Systemic administration may also include rela 
tively noninvasive methods such as the use of suppositories, 
transdermal patches, transmucosal delivery and intranasal 
administration. Oral administration is also suitable for com 
pounds of the invention. Suitable forms include syrups, 
capsules, tablets, as in understood in the art. 

[0062] For administration to animal or human subjects, the 
dosage of the compounds of the invention is typically 01-15 
mg/kg, preferably 0.1-1 mg/kg. HoWever, dosage levels are 
highly dependent on the nature of the condition, the condi 
tion of the patient, the judgment of the practitioner, and the 
frequency and mode of administration. 

[0063] Screening Methods 

[0064] The compounds of the invention can be synthe 
siZed individually using methods knoWn in the art per se, or 
as members of a combinatorial library. In general, Ya or Yb 
is coupled, along With any linking moiety, to the nitrogen of 
the piperaZine or piperidine ring. This ring itself is generally 
appropriately substituted With (X2)n—Ar or (X2)n—Cy prior 
to this coupling. Typically, Y,(X1)n_1 or Yb(X1)n_1 is sup 
plied containing a suitable electron-Withdrawing leaving 
group, thus effecting the coupling to the ring nitrogen. 

[0065] Synthesis of combinatorial libraries is noW com 
monplace in the art. Suitable descriptions of such syntheses 
are found, for example, in WentWorth, Jr., P. et al. Current 
Opinion in Biol (1993) 91109-115; Salemme, F. R. et al. 
Structure (1997) 5:319-324. The libraries contain com 
pounds With various embodiments of R1, X1, X2, Ar, Cy, Y 
and Z, along With appropriate substituents. These libraries, 
Which contain, as feW as 10, but typically several hundred 
members to several thousand members, may then be 
screened for compounds Which are particularly effective 
against a speci?c subtype of calcium channel. In addition, 
using standard screening protocols, the libraries may be 
screened for compounds Which block additional channels 
such as sodium channels, potassium channels and the like. 

[0066] Methods of performing these screening functions 
are Well knoWn in the art. Typically, the channel to be 
targeted is expressed at the surface of a recombinant host 
cell such as human embryonic kidney cells. The ability of 
the members of the library to bind the channel is measured, 
for example, by the ability of the compound in the library to 
displace a labeled binding ligand such as the ligand normally 
associated With the channel or an antibody to the channel. 
More typically, ability to antagoniZe the channel is measured 
in the presence of the appropriate agonist and the ability of 
the compound to interfere With the signal generated is 
measured using standard techniques. 

[0067] In more detail, one method involves the binding of 
radiolabeled agents that interact With the calcium channel 
and subsequent analysis of equilibrium binding measure 
ments including, but not limited to, on rates, off rates, Kd 
values and competitive binding by other molecules. Another 
method involves the screening for the effects of compounds 
by electrophysiological assay Whereby individual cells are 
impaled With a microelectrode and currents through the 
calcium channel are recorded before and after application of 
the compound of interest. Another method, high-throughput 
spectrophotometric assay, utiliZes loading of the cell lines 
With a ?uorescent dye sensitive to intracellular calcium 
concentration and subsequent examination of the effects of 
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compounds on the ability of depolarization by potassium 
chloride or other means to alter intracellular calcium levels. 

[0068] The following examples are intended to illustrate 
but not to limit the invention. 

EXAMPLE 1 

Assay of N-Type Calcium Channel Blocking 
Activity 

[0069] Antagonist activity Was measured using Whole cell 
patch recordings on human embryonic kidney cells either 
stably or transiently expressing rat (X1B+(X2b+[31b channels 
With 5 mM barium as a charge carrier. 

[0070] For transient expression, host cells, such as human 
embryonic kidney cells, HEK 293 (ATCC# CRL 1573) are 
groWn in standard DMEM medium supplemented With 2 
mM glutamine and 10% fetal bovine serum. HEK 293 cells 
are transfected by a standard calcium-phosphate-DNA 
coprecipitation method using the rat (x1B+[31b+ot26 N-type 
calcium channel subunits in a vertebrate expression vector 
(for example, see Current Protocols in Molecular Biology). 

[0071] After an incubation period of from 24 to 72 hrs the 
culture medium is removed and replaced With external 
recording solution (see beloW). Whole cell patch clamp 
experiments are performed using an Axopatch 200B ampli 
?er (Axon Instruments, Burlingame, Calif.) linked to an 
IBM compatible personal computer equipped With 
pCLAMP softWare. Borosilicate glass patch pipettes (Sutter 
Instrument Co., Novato, Calif.) Were polished (Microforge, 
Narishige, Japan) to a resistance of about 4 M9 When ?lled 
With cesium methanesulfonate internal solution (composi 
tion in MM: 109 CsCH3SO4, 4 MgCl2, 9 EGTA, 9 HEPES, 
pH 7.2). Cells Were bathed in 5 mM Ba++ (in mM: 5 BaCl2, 
1 MgCl2, 10 HEPES, 40 tetraethylammonium chloride, 10 
glucose, 87.5 CsCl pH 7.2). Current data shoWn Were 
elicited by a train of 100 ms test pulses at 0.066 HZ from 
—100 mV and/or —80 mV to various potentials (min. —20 
mV, max. +30 mV). Drugs Were perfused directly into the 
vicinity of the cells using a microperfusion system. 

[0072] NormaliZed dose-response curves Were ?t (Sigma 
plot 4.0, SPSS Inc., Chicago, Ill.) by the Hill equation to 
determine IC5O values. Steady-state inactivation curves Were 
plotted as the normaliZed test pulse amplitude folloWing 5 s 
inactivating prepulses at +10 mV increments. Inactivation 
curves Were ?t (Sigmaplot 4.0) With the BoltZman equation, 
Ipeak (normaliZed)=1/(1+exp((V—Vh)Z/25.6)), Where V and 
Vh are the conditioning and half inactivation potentials, 
respectively, and Z is the slope factor. 

EXAMPLE 2 

Synthesis of Illustrative Compounds of Formula 
(1a) 

[0073] 

A. Preparation of ArXZ. 

O 
PPh3/CH3CN 
—> 

Br reflux 
5 OH 
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-continued 

Ph [h 0 1. LiHMDS/THF/-78° c. 
\P+ 2. -7s° c. to rt 
/ OH 3. PhCOPh 

Ph 

O 

[H] 
—> Ph 

OH 4 OH 

Ph 

[0074] 6-Bromohexanoic acid (7.08 g, 36.3 mM) and 
triphenylphosphine (10 g, 38.2 mM) Was mixed in dry 
CH3CN (40 ml). The reaction mixture Was heated to re?ux 
overnight and alloWed to cool to RT. The solution Was 
concentrated under reduced pressure to give a viscous gel. 
Approximately 75 ml of THF Was added to the reaction 
mixture and the Walls of the ?ask Were scratched With a 
spatula to start crystalliZation. The resulting solid Was ?l 
tered under vacuum, Washed With THE and dried under 
reduced pressure and used Without further puri?cation. The 
product from the above reaction (1.5 g) Was suspended in 
dry THF and the ?ask purged With N2 and cooled to —78° C. 
To the stirred reaction Was added lithium hexamethyldisi 
laZide (LiHMDS) (10 ml, 1 M in THF). The yelloW solution 
Was stirred at —78° C. for 1 h over Which time the reaction 
darkened slightly. The cooling bath Was removed and the 
reaction alloWed to Warm to RT. The reaction Was kept at RT 
for 1 h during Which time the solution turned a dark red color 
and most of the solids Went into solution. BenZophenone 
(0.54 g in 3 ml THF) Was added to the reaction and alloWed 
to react overnight. The yelloW solution Was concentrated 
under reduced pressure to give a yelloW solid. The resulting 
solid Was partitioned betWeen ether and 10% HCl. The 
organic layer Was Washed With Water (2x) and extracted With 
10% NaOH (3><). The combined aqueous base fractions Were 
acidi?ed With conc. HCl to a pH of 4. The Water layer Was 
extracted With ether (3x) and the combined organic fractions 
dried over Na2SO4. The ether Was evaporated to dryness 
under reduced pressure to give a colorless oil that crystal 
liZed on standing to give a Waxy solid. NMR and MS 
shoWed this material Was clean enough to continue Without 
further puri?cation. 

Ph 5 

O 

/ 4 

Ph 

[0075] The alkene Was dissolved in 30 ml MeOH and 
mixed With 5% Pd—C and placed in a Parr hydrogenator. 
The reaction vessel Was purged With hydrogen and pressur 
iZed to 60 PSIG and reacted at RT for 5 h. The reaction 
mixture Was sampled and analyZed by TLC. If the TLC 
When stained With KMnO4 shoWed a positive test for alk 
enes, the reaction mixture Was resubjected to the reaction 
conditions. After the reaction Was done the solution Was 
?ltered through a plug of celite and the methanol ?ltrate Was 
concentrated under vacuum. 

B. Conversion to Formula(1a) 
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-continued 

Ph 0 

[0076] (1) 6,6-Diphenylhexanoic acid (0.4 mM) Was 
mixed With the desired N-substituted piperaZine (0.35 mM) 
in dry THF (7 ml). To each Was added EDC (0.5 mM) and 
DMAP (cat) and the mixture heated to 40° C. With shaking 

1. 25% TFA Ph 

0 o 

2. 

Cl 

Ph 

N/? 
Ph K/ N \ BOC 

1. 25% TFA 

\ O 2. 

Ph Ph 
Cl 
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overnight. The reactions Were diluted With ethyl acetate and 

Washed With Water (4x) and 10% NaOH (3x) and dried over 
sodium sulphate and evaporated to dryness. The resulting 
residue Was puri?ed by column chromatography (silica gel, 
1:1 hexanezEtOAc). The amide products Were characteriZed 
by HPLC-MS. 

[0077] (2) the amides resulting from (1) Were dissolved in 
dry THF (5 ml) and reacted With LiAlH4 (1 M in THF) and 
alloWed to react for 6 h. The reactions Were quenched With 

EtOAc (15 ml) and extracted With Water (5x) 10% NaOH 
(10><), brine (1><), dried over sodium sulphate and concen 
trated under reduced pressure. Most of the products at this 
stage Were >80% pure. Those <80% Were puri?ed for 

running a short column (silica gel, 1:1 hexzEtOAc). 

[0078] Similarly, the corresponding u),u)-diphenyl hep 
tanoic, pentanoic, butanoic, propanoic, and acetic acids Were 
mixed With the desired N-substituted piperaZine and carried 
through the reactions scheme shoWn above to provide the 
corresponding products. 

[0079] C. Formula (1a) Through a BOC Intermediate 

[0080] The reaction set forth in paragraph B(1) above Was 
carried out using BOC-substituted piperaZine to obtain the 
corresponding amide Which Was then converted to com 

pounds analogous to those of formula (1a) as shoWn beloW: 

Ph 
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[0081] The substituted BOC piperaZine (65 mg, 0.15 mM) 
Was dissolved in TFA (25% in CH2Cl2, 3 ml) in a dry 20 ml 
vial. The vial Was loosely capped to alloW for the release of 

CO2. The mixture Was alloWed to react for 1 h then con 

centrated under vacuum. The residue Was sampled for MS 

and shoWed the molecular ion for the free amine. The 

residue Was redissolved in THF and reacted With cyclohex 

anecarbonyl chloride (46 mg, 42 pl, 0.31 mM) and DEEA 
(57 mg, 77.7 pl) and stirred at RT for 2 h. The reaction 
mixture Was diluted With EtOAc and extracted With Water 

(3x), 10% NaOH (6x), 10% HCl (3><), brine (1x) and dried 
over sodium sulphate. The product Was generally clean 
enough after Work up but could be further puri?ed via 

column (silica gel, 1:1 hex:EtOAc). The procedure for 
phenylacetyl chloride Was the same as for the above. 

D. Formula (1a)-Alternative Synthesis 

Ph /—\ Ric. 

Ph 

Ph 

Ph 

PFNUNTR 
[0082] N-(Diphenylmethyl)piperaZine (0.5 mM) Was dis 
solved in dry THF (10 ml). To each reaction ?ask Was added 
poWdered KZCO3 and the corresponding acid chloride (Ya 
coupled to X1 Which includes CO) (0.7 mM). The reactions 
Were stirred at RT for 2 h and quenched With 105 NaOH (10 

ml) and extracted With EtOAc (10 ml). The organic layer 
Was Washed With 10% NaOH (4x) and dried over sodium 

sulphate. The solutions Were concentrated and puri?ed by 

column chromatography (silica gel, 1:1 hex:EtOAc) to give 
the desired amides. 

[0083] The above amides Were dissolved in dry THF (5 
ml) and reacted With LiAlH4 (1M in THF) and alloWed to 
react for 6 h. The reactions Were quenched With EtOAc (15 

ml) and extracted With Water (5x) 10% NaOH (10><), brine 
(1><), dried over sodium sulphate and concentrated under 
reduced pressure. Most of the products at this stage Were 

>80% pure. Those <80% Were puri?ed by running a short 

column (silica gel, 1:1 hex:EtOAc). 
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E. Formula (1A)—Alternative Synthesis 

robutlidine (1.198 g, 1 ml, 4.25 mM) and the desired 
substituent piperaZine (4.87 mM) Was dissolved in dry THF. 
To each reaction Was added ~1 g of powdered K2CO3 and 
the reaction stirred at RT overnight. The reaction mixture 
Was diluted With EtOAc and extracted With Water (3x), 10% 
NaOH (3><), brine (1x) and dried over sodium sulphate. The 
reaction mixtures Were then concentrated under reduced 

pressure and the residue puri?ed via column chromatogra 
phy. 

EXAMPLE 3 

Channel Blocking Activities of Various Invention 
Compounds 

[0085] Using the procedure set forth in Example 1, various 
compounds of the invention Were tested for their ability to 
block N-type calcium channels. The results are shoWn in 

Tables 1 and 2, Where IC5O is given in pM (micromolar). In 
all cases, 11 is 0, both Z are N, both n1 and n2 are 1. 

TABLE 1 

Formula (1a): both Z are N‘ I1 is 0' n1 and n2 are 1 

Ya X1 X2 Ar IC5U Ru) 

4), c-hex CHZCH2 CH2 4) :5 70 
(p, c-hex CHCO CHZCHICH q) :5 48 
(p, c-hex CHCH2 CHZCHICH q) :5 90 
(p, c-hex CH(CH2)4CO CHZCHICH (I) 3.9 20 
(p, c-hex CH(CH2)5CO CHZCHICH (I) 12.2 0 
(p, c-hex CHCO CH2 4) :20 9O 
c-hex, c-hex CHCO CH2 4) 14.2 45 
c-hex, c-hex CHCO CHZCHICH 4) 5.9 47 
c-hex, c-hex CHCH2 CHZCHICH (I) 10.2 13 
(p, c-hex CH(CH2)6 CHZCHICH (I) 3.2 11 
(p, c-hex CH(CH2)5 CHZCHICH (I) 5.9 O 
(p, c-hex CH(CH2)5 (CH2)2 (I) 3.1 14 
(p, c-hex CHCH2 CHZCHICH (I) 10.6 15 
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[0086] 

TABLE 2 

Formula (1b): both Z are N; I1 is 0; n1 and n2 are 1 

Yb x1 x2 Ar Ic5D Rm 

4), c-hex CH(CH2)6 CH2 c-hex 7.2 16 

EXAMPLE 4 

Distinguishing Inactivation 

[0087] A. Transformation of HEK Cells: 

[0088] N-type calcium channel blocking activity is 
assayed in human embryonic kidney cells, HEK 293, stably 
transfected With the rat brain N-type calcium channel sub 

units (G1B+(X26+[31b cDNA subunits). Alternatively, N-type 
calcium channels (G1B+(X26+[31b cDNA subunits), L-type 
channels (G1c+(X26+[31b cDNA subunits) and P/Q-type chan 
nels (G1A+(X26+[31b cDNA subunits) are transiently 
expressed in HEK 293 cells. Brie?y, cells are cultured in 
Dulbecco’s modi?ed eagle medium (DMEM) supplemented 
With 10% fetal bovine serum, 200 U/ml penicillin and 0.2 
mg/ml streptomycin at 37° C. With 5% CO2. At 85% 
con?uency cells are split With 0.25% trypsin/1 mM EDTA 
and plated at 10% con?uency on glass coverslips. At 12 
hours the medium is replaced and the cells transiently 
transfected using a standard calcium phosphate protocol and 
the appropriate calcium channel cDNAs. Fresh DMEM is 
supplied and the cells transferred to 28° C./5% CO2. Cells 
are incubated for 1 to 2 days to Whole cell recording. 

[0089] B. Measurement of Inhibition: 

[0090] Whole cell patch clamp experiments are performed 
using an Axopatch 200B ampli?er (Axon Instruments, Bur 
lingame, Calif.) linked to a personal computer equipped With 
pCLAMP softWare. The external and internal recording 
solutions contain, respectively, 5 mM BaCl2, 1 mM MgCl2, 
10 mM HEPES, 40 mM TEACl, 10 mM glucose, 87.5 mM 
CsCl (pH 7.2) and 108 mM CsMS, 4 mM MgCl2, 9 mM 
EGTA, 9 mM HEPES (pH 7.2). Currents are typically 
elicited from a holding potential of —80 mV to +10 mV using 
Clampex softWare (Axon Instruments). Typically, currents 
are ?rst elicited With loW frequency stimulation (0.03 HZ) 
and alloWed to stabilize prior to application of the com 
pounds. The compounds are then applied during the loW 
frequency pulse trains for tWo to three minutes to assess 
tonic block, and subsequently the pulse frequency is 
increased to 0.2 HZ to assess frequency dependent block. 

Data are analyZed using Clamp?t (Axon Instruments) and 
SigmaPlot 4.0 (J andel Scienti?c). 

1. A method to treat conditions associated With calcium 
channel activity in a subject Which method comprises 
administering to a subject in need of such treatment a 
compound of the formula 
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(1a) 

OT 

1 R11 

or the salts thereof, 

Wherein each Z is independently N or CH, but one Z must 
be N; 

Wherein n1 is 1 and n2 is 0 or 1; 

X1 and X2 are linkers; 

Ar represents one or tWo substituted or unsubstituted 
aromatic or heteroaromatic rings, and 

Cy represents one or tWo substituted or unsubstituted 
aliphatic cyclic or heterocyclic rings, or consists of one 
substituted or unsubstituted aliphatic cyclic or hetero 
cyclic ring and one substituted or unsubstituted aro 
matic or heteroaromatic ring; 

each of Y2] and Yb is tWo substituted or unsubstituted 
aromatic or heteroaromatic rings, or can be tWo sub 
stituted or unsubstituted aliphatic cyclic or heterocyclic 
rings or consists of one substituted or unsubstituted 
aliphatic cyclic or heterocyclic ring and one substituted 
or unsubstituted aromatic or heteroaromatic ring; 

With the proviso that said rings cannot both be phenyl 
When both Ar includes a single phenyl ring and X1 
contains less than 5C; 

and With the proviso that formula (1b) must contain at 
least one aromatic or heteroaromatic ring; 

11is0or 1; 

R1 is substituted or unsubstituted alkyl (1-6C), substituted 
or unsubstituted aryl (6-10C) or substituted or unsub 
stituted arylalkyl (7-16C) optionally containing 1-4 
heteroatoms selected from the group consisting of halo, 
N, P, O, and S or may independently be halo, OR, SR, 
NR2, OOCR, NROCR, COR, COOR, CONR2, CF3, 
OCF3, CN or NO2, Wherein R is H or alkyl (1-6C). 

2. The method of claim 1 Wherein Ar represents one or 
tWo unsubstituted phenyl moieties. 

3. The method of claim 1 Wherein n2is 1 and X2 represents 
a linker Which spaces Ar from Z at a distance of 3-20 

4. The method of claim 3 Wherein X2 contains at least one 
heteroatom selected from N and O. 

5. The method of claim 3 Wherein Ar represents one 
unsubstituted phenyl moiety and X2 
represents —(CH2)1_8— or —(CH2)1_5—CH=CH— 
(CH2)0-03— or —NH(CH2)1-6—' 
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6. The method of claim 3 wherein Ar represents tWo 
phenyl moieties and X2 is of the formula —(CH2)O_6—CH. 

7. The method of claim 1 Wherein Cy represents one or 
tWo unsubstituted cycloheXyl moieties or an unsubstituted 
cycloheXyl moiety and an unsubstituted phenyl moiety. 

8. The method of claim 7 Wherein n2 is 1 and X2 
represents a linker Which spaces Cy from Z at a distance of 
3-20 A. 

9. The method of claim 8 Wherein X2 contains at least one 
heteroatom selected from N and O. 

10. The method of claim 8 Wherein Cy is a cycloheXyl 
moiety, and X2 represents —(CH2)1_8—, —(CH2)1_5— 
CH=CH—(CH2)0_3— or —NH(CH2)1_6—. 

11. The method of claim 8 Wherein Cy represents tWo 
cycloheXyl moieties or a cycloheXyl moiety and a phenyl 
moiety. 

12. The method of claim 11 Wherein X is —(CH2)0_6— 
CH—. 

13. The method of claim 11 Wherein 11 is 0. 
14. The method of claim 1 Wherein X1 represents a linker 

Which spaces the Y2] and Yb from N at a distance of 3-20 
15. The method of claim 14 Wherein X1 contains at least 

one heteroatom selected from O and N. 
16. The method of claim 15 Wherein X1 represents 

CH(CH2)O_6 or —CH(CH2)1_6CO. 
17. A pharmaceutical composition for use in treating 

conditions characteriZed by calcium channel activity Which 
composition comprises, in admixture With a pharmaceuti 
cally acceptable eXcipient, a dosage amount of a compound 
of the formula 

(13) 

1 _ _ 2 _ Ya (X )n1 2 I z or)“, Ar 

R111 
OT 

(1b) 

1 R11 

or the salts thereof, 

Wherein each Z is independently N or CH, but one Z must 
be N; 

Wherein n1 is 1 and n2 is 0 or 1; 

X1 and X2 are linkers; 

Ar represents one or tWo substituted or unsubstituted 
aromatic or heteroaromatic rings, and 

Cy represents one or tWo substituted or unsubstituted 
aliphatic cyclic or heterocyclic rings, or consists of one 
substituted or unsubstituted aliphatic cyclic or hetero 
cyclic ring and one substituted or unsubstituted aro 
matic or heteroaromatic ring; 

each of Y2] and Yb is tWo substituted or unsubstituted 
aromatic or heteroaromatic rings, or can be tWo sub 
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stituted or unsubstituted aliphatic cyclic or heterocyclic 
rings or consists of one substituted or unsubstituted 
aliphatic cyclic or heterocyclic ring and one substituted 
or unsubstituted aromatic or heteroaromatic ring; 

With the proviso that said rings cannot both be phenyl 
When both Ar includes a single phenyl ring and X1 
contains less than 5C; 

and With the proviso that formula (1b) must contain at 
least one aromatic or heteroaromatic ring; 

11is0or 1; 

R1 is substituted or unsubstituted alkyl (1-6C), substituted 
or unsubstituted aryl (6-10C) or substituted or unsub 
stituted arylalkyl (7-16C) optionally containing 1-4 
heteroatoms selected from the group consisting of halo, 
N, P, O, and S or may independently be halo, OR, SR, 
NR2, OOCR, NROCR, COR, COOR, CONR2, CF3, 
CN or NO2, Wherein R is H or alkyl (1-6C). 

18. A library comprising at least ten different compounds 
of the formula 

(13) 

(1b) 

or the salts thereof, 

Wherein each Z is independently N or CH, but one Z must 
be N; 

Wherein n1 is 1 and n2 is 0 or 1; 

X1 and X2 are linkers; 

Ar represents one or tWo substituted or unsubstituted 
aromatic or heteroaromatic rings, and 

Cy represents one or tWo substituted or unsubstituted 
aliphatic cyclic or heterocyclic rings, or consists of one 
substituted or unsubstituted aliphatic cyclic or hetero 
cyclic ring and one substituted or unsubstituted aro 
matic or heteroaromatic ring; 

each of Y2] and Yb is tWo substituted or unsubstituted 
aromatic or heteroaromatic rings, or can be tWo sub 
stituted or unsubstituted aliphatic cyclic or heterocyclic 
rings or consists of one substituted or unsubstituted 
aliphatic cyclic or heterocyclic ring and one substituted 
or unsubstituted aromatic or heteroaromatic ring; 

With the proviso that said rings cannot both be phenyl 
When both Ar includes a single phenyl ring and X1 
contains less than 5C; 
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and With the proviso that formula (1b) must contain at 
least one aromatic or heteroaromatic ring; 

11 is 0 or 1; 

R1 is substituted or unsubstituted alkyl (1-6C), substituted 
or unsubstituted aryl (6-10C) or substituted or unsub 
stituted arylalkyl (7-16C) optionally containing 1-4 
heteroatoms selected from the group consisting of halo, 
N, P, O, and S or may independently be halo, OR, SR, 
NR2, OOCR, NROCR, COR, COOR, CONR2, CF3, 
CN or NO2, Wherein R is H or alkyl (1-6C). 

19. A method to identify a compound Which antagoniZes 
a target receptor Which method comprises contacting host 
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cells displaying said target receptor in the presence of an 
agonist for said receptor and With the members of the library 
of claim 18; 

assessing the ability of the members of the library to affect 
the response of the receptor to its agonist; and 

identifying as an antagonist any member of the library 
Which diminishes the response of the receptor to its 
agonist. 

20. The method of claim 19 Wherein the receptor is an ion 
channel. 


